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INTEGRATED CIRCUIT MEMORY DEVICES 

Related Application 

This application is a divisional of U.S. Application Serial No. 10/100,719, 
filed March 19, 2002, which claims priority from Korean Patent Application No. 
2001-30772, filed on June 1 , 2001 , the contents of each of which are herein 
incorporated by reference in their entirety. 

5 

Field of the Invention 

The present invention relates to an integrated circuit memory device and a 
method of fabricating the same, and more particularly, to an integrated circuit 
memory device which is capable of enhancing the capacitance of a capacitor without 
1 0 increasing the height of the capacitor and a method of fabricating the same. 

Background of the Invention 

As the integration density of integrated circuit devices, increases, the area 
occupied by a unit cell continues to decrease. Since the driving capability of 

1 5 integrated circuit devices, such as dynamic random access memories (DRAM), is 
strongly dependent on the capacitance of a capacitor, a variety of attempts for 
increasing the capacitance of a capacitor have been carried out, irrespective of the 
decrease of the area occupied by the capacitor. Accordingly, in order to increase the 
capacitance of a capacitor by increasing the effective area of the capacitor, capacitors 

20 have been formed to have a three-dimensional structure, such as a concave shape, a 
cylinder shape, a fin shape, or a box shape. 

Hereinafter, a method of fabricating a conventional integrated circuit memory 
device including a concave-shaped storage node electrode will be described with 
reference to FIGS. 1 A through 1C. In FIGS. 1A through 1C, the drawings indicated 

25 by "X direction" are cross-sectional views of a semiconductor substrate taken along a 
direction parallel to word lines, and the drawings indicated by "Y direction" are 
cross-sectional views of a semiconductor substrate taken along a direction parallel to 
bit lines. 

Referring to FIG. 1 A, word line structures 15 are formed on a semiconductor 
30 substrate 10, on which an isolation layer 1 1 is formed, by a well-known method. 
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Here, each of the word line structures 15 includes a gate insulating layer 12, a gate 
electrode 13 on the gate insulating layer 12, and an insulating material 14 covering the 
top surface and sides of the gate electrode 13. Contact plugs 16 are formed on the 
semiconductor substrate 1 0 between the word line structures 1 5 in a self-aligned 
5 manner, and then a first interlayer insulating layer 17 is formed on the semiconductor 
substrate 10 on which the contact plugs 16 are formed. 

Next, a second interlayer insulating layer 18 is formed on the contact plugs 16 
and the first interlayer insulating layer 17, and then is selectively etched to expose 
some of the contact plugs 16. Next, bit line structures 21 are formed on the second 

1 0 interlayer insulating layer 1 8, in contact with the exposed contact plugs. Here, each 
of the bit line structures 2 1 includes a bit line 1 9 and an insulating material 20 
covering the top surface and sides of the bit line 19. A third interlayer insulating 
layer 22 and an etch stopper 23 are sequentially formed on the semiconductor 
substrate 10 on which the bit line structures 21 are formed. 

1 5 Referring to FIG. IB, predetermined portions of the etch stopper 23 and the 

third interlayer insulating layer 22 are etched to expose selected portions of the 
contact plugs 16, thereby forming storage node contact holes 24. Next, storage node 
contact plugs 25 are formed in the storage node contact holes 24 by a well-known 
method. 

20 Next, as shown in FIG. 1C, storage node electrodes 26 are formed to be in 

contact with exposed storage node contact plugs 25 by a well-known method. A 
dielectric layer 27 is deposited along the surfaces of the storage node electrodes 26, 
and then a plate electrode 28 is formed on the semiconductor substrate 10 on which 
the dielectric layer 27 is formed. 

25 However, the conventional integrated circuit memory device has the following 

problems. Firstly, as the integration density of integrated circuit memory devices 
increases, the pitch size of interconnections typically decreases proportionally. If the 
pitch size of interconnections is reduced to 0.21 Om or less, a capacitance no less than 
20fF per a unit cell is desirable. In order to obtain capacitance having such a value, 

30 it is desirable that the height of each storage node electrode be no less than 10,000 A. 

However, if the height of storage node electrodes is increased in order to 
obtain a high capacitance, the aspect ratio of a cell region can considerably increase, 
causing a great step difference between the cell region at which the storage node 
electrodes will be formed and a peripheral region at which other circuit devices will 
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be formed. In addition, if even a slight physical impact is applied to the storage node 
electrodes, the storage node electrodes (capacitors) may be tilted to one side or may 
be broken, and thus multi-bit or twin-bit failure occurring when the upper parts of 
adjacent capacitors are contacted with each other may be caused. 

5 

Summary of the Invention 

According to some embodiments of the present invention, an integrated circuit 
memory device includes a plurality of word line structures formed on a semiconductor 
substrate. Contact plugs are disposed between adjacent word line structures. Bit 

1 0 line structures are formed to be in electrical contact with predetermined contact plugs 
selected among the contact plugs. An interlayer insulating layer insulates the contact 
plugs from one another and insulates non-selected contact plugs from the bit line 
structures. Storage node contact plugs are formed to be in electrical contact with the 
non-selected contact plugs. Storage node electrodes are formed on the storage node 

1 5 contact plugs. A dielectric layer is deposited on the surfaces of the storage node 
contact plugs and the storage node electrodes. A plate electrode is formed on the 
surface of the dielectric layer and extends between the storage node contact plugs, and 
more preferably between lower portions of the storage node contact plugs. The 
surface area of the interface between the plate electrode and the combination of 

20 storage node contact plugs and storage node electrodes is increased by having the 
plate electrode extending between the storage note contact plugs. For a capacitor 
formed in this fashion the increased surface area can provide increased capacitance 
while avoiding increasing the size of the capacitor. The lower portions of the 
storage node contact plugs are fit into spaces between the bit line structures so as to be 

25 supported by the bit line structures. 

The word line structures each include a gate electrode, a gate insulating layer 
insulating the gate electrode from the semiconductor substrate, and an insulating 
material covering the top surface and sides of the gate electrode, and the bit line 
structures each include a bit line and an insulating layer covering the top surface and 

30 sides of the bit line. 

According to a second aspect of the present invention, there is provided a 
method for manufacturing an integrated circuit memory device. A plurality of word 
line structures are formed on predetermined portions of a semiconductor substrate on 
which an active region is defined. Contact plugs are formed between the word line 
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structures on the active region. An insulating layer is formed on the semiconductor 
substrate on which the contact plugs are formed. Bit line structures are formed on 
the insulating layer so as to be in electrical contact with predetermined contact plugs 
selected from among the contact plugs. An interlayer insulating layer is deposited 
5 on the bit line structures. An etch stopper is formed on the interlayer insulating layer. 
Storage node contact holes are formed by etching predetermined portions of the 
interlayer insulating layer and the etch stopper to expose non-selected contact plugs. 
Storage node contact plugs are formed to in the storage node contact holes. Storage 
node electrodes are formed to be in electrical contact with the storage node contact 

1 0 plugs. The remaining etch stopper is removed to expose surfaces on upper portions 
of the storage node contact plugs. A dielectric layer is formed on the exposed 
surfaces of the storage node contact plugs and the storage node electrodes. A plate 
electrode is formed on the dielectric layer. In further embodiments, the interlayer 
insulating layer between the storage node contact plugs is selectively removed to 

1 5 expose further surfaces of the storage node contact plugs. In this manner, the surface 
area of the interface between the plate electrode and the storage node contact plugs 
and storage node electrodes is increased. 

The step of forming the word line structures, a gate insulating layer is formed 
on the semiconductor substrate, and a conductive layer is formed on the gate 

20 insulating layer. Then, a hard mask layer of an insulating material is formed on the 
conductive layer. Next, the hard mask layer, the conductive layer, and the gate 
insulating layer are patterned to have a predetermined size. Next, spacers are formed 
at the sides of the patterned hard mask layer, the patterned conductive layer, and the 
patterned gate insulating layer. 

25 In the step of forming the contact plugs between the word line structures on 

the active region, an oxide layer for insulating contact plugs is deposited on the 
semiconductor substrate on which the word line structures are formed. 
Predetermined portions of the oxide layer for insulating a contact plug are etched to 
expose the active region. Contact plugs are formed on the exposed active region 

30 between the word line structures. 

In the step of forming the bit line structures, the conductive layer is formed on 
the insulating layer. A bit line insulating layer of a material having a different 
etching selectivity from that of the interlayer insulating layer is formed on the 
conductive layer. Predetermined portions of the bit line insulating layer and the 
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conductive layer are patterned. Spacers of a material having a different etching 
selectivity from that of the interlayer insulating layer are formed at the sides of the 
patterned bit line insulating layer and the patterned conductive layer. 

In the step of forming the storage node contact plugs, a conductive layer is 
5 formed on the interlayer insulating layer in the storage node contact holes. The 
storage node contact holes are filled with the conductive layer and the conductive 
layer is mechanically polished until the etch stopper is exposed. 

The etch stopper may be formed of a SiN layer or a SiON layer. The 
remaining etch stopper may be selectively removed by wet etching without 
10 substantially affecting the storage node electrodes and the storage node contact plugs. 

The interlayer insulating layer existing between the storage node contact plugs 
may be selectively removed by wet etching without substantially affecting the storage 
node electrodes and the storage node contact plugs. 

In the present invention, an etch stopper and an interlayer insulating layer 
1 5 between lower electrodes which are each comprised of a storage node electrode and a 
storage node contact plug are selectively removed. Then, an insulating layer is 
formed on the exposed surfaces of the lower electrodes, and a plate electrode is 
formed on the insulating layer. 



20 Brief Description of the Drawings 

The above objects and advantages of the present invention will become more 
apparent by describing in detail a preferred embodiment thereof with reference to the 
attached drawings in which: 

FIGS. 1 A through 1C are cross-sectional views illustrating a prior art method 
25 for manufacturing a conventional integrated circuit memory device; and 

FIGS. 2 A through 2D are cross-sectional views illustrating an integrated 
circuit memory device according to an embodiment of the present invention and a 
method of fabricating the same. 
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Detailed Description of the Invention 

The present invention will now be described more fully with reference to the 
accompanying drawings, in which a preferred embodiment of the invention is shown. 
5 This invention may, however, be embodied in many different forms and should not be 
construed as being limited to the embodiment set forth herein. Rather, this 
embodiment is provided so that this disclosure will be thorough and complete, and 
will fully convey the concept of the invention to those skilled in the art. In the 
drawings, the thickness of layers and regions are exaggerated for clarity. It will also 
10 be understood that when a layer is referred to as being "on" another layer or substrate, 
it can be directly on the other layer or substrate, or intervening layers may also be 
present. 

FIGS. 2 A through 2D illustrate a method of fabricating an integrated circuit 
memory device according to an embodiment of the present invention. In FIGS. 2 A 

1 5 through 2D, the drawings indicated by "X direction" are cross-sectional views of a 
semiconductor substrate taken along a direction parallel to word lines, and the 
drawings indicated by "Y direction" are cross-sectional views of a semiconductor 
substrate taken along a direction parallel to bit lines. 

Referring to FIG. 2 A, an isolation layer 1 02 is formed on predetermined 

20 portions of a semiconductor substrate 100 formed of a conductive material, such as 
silicon, thereby defining an active region. In the present embodiment, an isolation 
layer formed in a shallow trench isolation manner may be used as the isolation layer 
102. A plurality of word line structures 108 are formed on the semiconductor 
substrate 1 00 on which the active region is defined. Here, each of the word line 

25 structures 108 includes a gate insulating layer 104, a gate electrode 105 on the gate 

insulating layer 104, and an insulating material 106 covering the top surface and sides 
of the gate electrode 105. A method for manufacturing the plurality of word line 
structures 108 is as follows. The gate insulating layer 104 and a conductive layer 
and a hard mask layer are sequentially deposited on the semiconductor substrate 100 c 

30 and are patterned to form a word line's shape. Then, spacers (not shown) are formed 
at either side of the patterned hard mask layer, conductive layer and gate insulating 
layer 104. Here, the patterned conductive layer becomes the gate electrode 105, and 
the hard mask layer and the spacers form the insulating material 106 covering the top 
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surface and sides of the gate electrode 105. The insulating material 106 may be 
formed of a material, such as silicon nitride (SiN or SiON), having a different etching 
selectivity from that of a silicon oxide layer forming an interlayer insulating layer so 
that contact plugs can be formed in a self-aligned manner. Impurities are doped in 
5 the active region between the adjacent word line structures 108, thereby forming a 
source region and a drain region. Next, a first interlayer insulating layer 1 12 is 
deposited on the semiconductor substrate 100 on which the word line structures 108 
are formed. Here, the first interlayer insulating layer may be formed of a silicon 
oxide-based insulating layer and is deposited to a sufficient thickness to fill spaces 

10 between the word line structures 108. Next, predetermined portions of the first 

interlayer insulating layer 112 are etched to expose the active region in a cell region. 

Next, a plug conductive layer (or a conductive layer for a plug), for example, a 
doped polysilicon layer, is deposited so as to sufficiently fill the exposed spaces 
between the word line structures 1 08 and then is chemically and mechanically 

15 polished until the surfaces of the word line structures 108 are exposed, thereby 
forming contact plugs 110 between the adjacent word line structures 108. 

A second interlayer insulating layer 1 14 is formed on the first interlayer 
insulating layer 112 and the contact plugs 1 10. The second interlayer insulating 
layer 114 may be formed of a silicon oxide-based insulating layer or a silicon 

20 nitride-based insulating layer. 

Predetermined portions of the second interlayer insulating layer 1 14 are etched 
to expose some of the contact plugs 1 1 0, that is, contact plugs (not shown) in contact 
with the drain region, thereby forming bit line structures 1 1 8 to be in electrical contact 
with the exposed contact plugs. Here, each of the bit line structures 118 includes a 

25 bit line 116 and an insulating material 1 1 7 covering the top surface and sides of the bit 
line 116. The insulating material 1 1 7 may be formed of a material having a different 
etching selectivity from that of the silicon oxide layer of the first interlayer insulating 
layer 112, such as a silicon nitride layer. A method for manufacturing the bit line 
structures 1 1 8 is as follows. A conductive layer and an etching stopping insulating 

30 layer are sequentially deposited on the second interlayer insulating layer 1 14 and then 
are patterned to form a predetermined shape. Next, spacers are formed at either side 
of the patterned etching stopping insulating layer and conductive layer. Here, the 
patterned conductive layer becomes the bit line 116 and the etching stopping 
insulating layer and the spacers form the insulating material 1 1 7 covering the bit line 
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116. Next, a third interlayer insulating layer 1 20 and an etch stopper 1 22 are 
sequentially formed on the semiconductor substrate 100 on which the bit line 
structures 1 18 are formed. The third interlayer insulating layer 120, like the first 
interlayer insulating layer 1 12, is formed of a silicon oxide-based insulating layer, and 
5 the etch stopper 122 is formed of a material having a different etching selectivity from 
that of the silicon oxide-based insulating layer of the third interlayer insulating layer 
120, such as a silicon nitride (SiN) layer or a silicon nitrate (SiON) layer. 

Referring to FIG. 2B, predetermined portions of the etch stopper 122 and the 
third and second interlayer insulating layers 120 and 114 are etched to expose the 

10 contact plugs 1 10 to be electrically contacted with capacitors to be formed later, and 
then storage node contact holes st are formed. At this time, the etch stopper 122 
prevents misalignment from occurring during the formation of the storage node 
contact holes. Next, a conductive layer is deposited on the semiconductor substrate 
100 so as to sufficiently fill the storage node contact holes and then is chemically and 

15 mechanically polished, thereby forming storage node contact plugs 124 in the storage 
node contact holes. Next, cylindrical storage node electrodes 1 26 are formed in 
electrical contact with the storage node contact plugs 124 by using a well-known 
method. Hereinafter, structures each comprised of one of the storage node contact 
plugs 124 and one of the storage node electrodes 126 will be referred to as lower 

20 electrodes 128. Here, the second interlayer insulating layer 1 14, the third interlayer 
insulating layer 120, and the etch stopper 122 exist between the adjacent lower 
electrodes 128. 

Referring to FIG. 2C, the etch stopper 122 of FIG. 2B existing between the 
adjacent lower electrodes 128, each of which includes one of the storage node contact 

25 plugs 124 and one of the storage node electrodes 126, is selectively removed by a 

well-known method for removing a silicon nitride layer. Preferably, the etch stopper 
122 between the adjacent lower electrodes 128 is selectively removed by a wet 
etching process without substantially affecting the lower electrodes 128. Removal of 
the etch stopper 122 exposes surfaces on upper portions of the storage node contact 

30 plugs 124. Since the material of the etch stopper 122 has a different etching 

selectivity from that of the silicon oxide layer of the third interlayer insulating layer 
120, the etch stopper 122 can be selectively removed. Next, like the etch stopper 
122 between the adjacent lower electrodes 128, the third interlayer insulating layer 
120 between the lower electrodes 128 is removed by a wet etching process so as not 
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to substantially affect the lower electrodes 128. Since the etch stopper 122 and the 
third interlayer insulating layer 120 existing between the lower electrodes 128 are 
removed, empty spaces are provided between the lower electrodes 128, and the upper 
and lower side surfaces of the storage node contact plugs 1 24 and the storage node 
5 electrodes 126 are partially exposed. The lower portions of the storage node contact 
plugs 124 are fit into spaces between the bit line structures 118, and thus the storage 
node contact plugs 124 are supported by the bit line structures 118. 

Referring to FIG. 2D, a dielectric layer 130 for a capacitor is deposited on the 
exposed lower electrodes 128 including the storage node electrodes 126 and the 

10 storage node contact plugs 124. The dielectric layer 130 may be formed of a nitride 
oxide (NO) layer or a tantalum oxide (Ta20s) layer. Next, a plate electrode 132 is 
formed on the semiconductor substrate 100 on which the dielectric layer 130 is 
formed, thereby completing a capacitor. 

Since the dielectric layer 130 for a capacitor covers the sides of the storage 

15 node contact plugs 124 as well as the storage node electrodes 126, the surface area of 
the lower electrodes 128 substantially increases. Accordingly, even if the height of 
the lower electrodes 128 is the same as the prior art, the capacitance of the capacitor 
increases considerably. In addition, the aspect ratio of a cell region and a step 
difference between the cell region and a peripheral region can be reduced. 

20 As described above, according to the present invention, an etch stopper and an 

interlayer insulating layer existing between lower electrodes, each comprised of a 
storage node electrode and a storage node contact plug, are selectively removed. 
Next, a dielectric layer is deposited on the exposed surface of the lower electrodes, 
and then a plate electrode is formed. 

25 Accordingly, since the dielectric layer for a capacitor covers the sides of the 

storage node contact plugs as well as the storage node electrodes, the surface area of 
the lower electrodes substantially increases. Accordingly, it is possible to obtain a 
high capacitance without increasing the height of the lower electrodes, and thus the 
aspect ratio of a cell region and a step difference between the cell region and a 

30 peripheral region can be reduced. 

In addition, when removing the interlayer insulating layer existing between the 
lower electrodes, the etch stopper is simultaneously removed with the interlayer 
insulating layer. If the etch stopper is left in place, it can capture conductive etching 
resides and form a bridge between the lower electrodes. The etch stopper can also 
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be sufficiently dense to hinder impurities contained in the interlayer insulating layer 
from outgassing during subsequent high temperature processes. When the etch 
stopper is formed of a silicon nitride layer, it can induce stress on adjacent 
semiconductor layers and cause deformation thereof. Removal of the etch stopper 
avoids these limitations. 

While this invention has been particularly shown and described with reference 
to preferred embodiments thereof, it will be understood by those skilled in the art that 
various changes in form and details may be made therein without departing from the 
spirit and scope of the invention as defined by the appended claims. 
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